Traumatic brain injury (TBI) is strongly linked to an increased risk of developing dementia, including chronic traumatic encephalopathy and possibly Alzheimer's disease (AD). APOEε4 allele of human Apolipoprotein E (APOE) gene is the major genetic risk factor for late onset AD and has been associated with chronic traumatic encephalopathy and unfavorable outcome following TBI. To determine if there is an APOE isoform-specific response to TBI we performed controlled cortical impact on 3-month-old mice expressing human APOE3 or APOE4 isoforms. Following injury, we used several behavior paradigms to test for anxiety and learning and found that APOE3 and APOE4 targeted replacement mice demonstrate cognitive impairments following moderate TBI. Transcriptional profiling 14 days following injury revealed a significant effect of TBI, which was similar in both genotypes. Significantly upregulated by injury in both genotypes were mRNA expression and protein level of ABCA1 transporter and APOJ, but not APOE. To identify gene-networks correlated to injury and APOE isoform, we performed Weighted Gene Co-expression Network Analysis. We determined that the network mostly correlated to TBI in animals expressing both isoforms is immune response with major hub genes including Trem2, Tyrobp, Clec7a and Cd68. We also found a significant increase of TREM2, IBA-1 and GFAP protein levels in the brains of injured mice. We identified a network representing myelination that correlated significantly with APOE isoform in both injury groups. This network was significantly enriched in oligodendrocyte signature genes, such as Mbp and Plp1. Our results demonstrate unique and distinct gene networks at this acute time point for injury and APOE isoform, as well as a network driven by APOE isoform across TBI groups.
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Introduction
Traumatic brain injury (TBI) is one of the leading causes of death and disability in the United States. Approximately 2 million people sustain a TBI and 50,000 TBI-related deaths occur in the United States every year. Currently, there is no treatment for TBI, patients are only given supportive care for which the cost is approximately $60 billion annually. TBI can either be caused when the head violently impacts with another object or when an object pierces the skull and enters the brain tissue. Studies show that following the acute phase, over the long-term, patients may develop changes in cognition, and increases in both anxiety and depression (Perez-Garcia et al., 2016; Ghroubi et al., 2016) . The high level of variability in injury outcomes suggests, to a significant extent, a strong role for genetic influence on brain susceptibility and recovery (Draper and Ponsford, 2008; Whitnall et al., 2006) . TBI is strongly linked to increased risk of developing dementia, including chronic traumatic encephalopathy and possibly Alzheimer's disease (AD) (Jordan, 2007; Jordan, 2014; McKee et al., 2016) . The APOEε4 allele of human apolipoprotein E (APOE) gene is the major genetic risk factor for late onset AD and has been associated with chronic traumatic encephalopathy and unfavorable outcome following TBI. Multiple studies have identified worse outcomes following TBI based on the inheritance of APOEε4 allele (Alexander et al., 2007; Diaz-Arrastia et al., 2003) . The role of APOE in neuronal survival and repair and in overall response to TBI, however, is not well understood. It has been suggested that APOE4 is less stable and catabolically degraded more quickly than the other APOE isoforms, possibly due to its lower lipidation level (Kim et al., 2009) . In mice, studies have identified APOE-genotype and brain-region specific genomic changes using mRNA microarrays after controlled cortical impact (CCI) (Crawford et al., 2009 
